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ETecfrestiniulatian of microbial reactions. 

@ A method of fermentino a substrate with a microonjan- 
tem by formino a broth oompfiotng tho oubafcrote and the 
nilcroorganlsm* and forming a fermemaiton produei chere- 
from charactartsed in that a fermemadon stimuJatfnci elactri- 
ool signal b Imposed oemo the broth* 
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HiErobe reactions, i < fa™.!* ^. 
to « „,ta^.ute. I.e.. a rroi:': 

• « Met«bo«te S^t*' formation of 

Of product ana »,c„... «™ t t,'^" o.offioi«^, 
Koreovor, tko eon«.rt«tio„ ox S^J' 3*stPate. ■ 

ratios Of reaction medi™ volume „- \, , 
SO prodnatioa pej. unit tlm. m, ? 

*ioa tl;„e. 1^^^ ^'i^^ -1.0. have a ToB^.i^itia- 

»ttllzed pM,.ari:w ■ TObstrare. is initially 

■ »eU*0Ute protaL *" *• *o«. 

«ir-T^l«. ar. baetoila 
SO fission i . "°f>-»' O'H 8M..bli aaa aivisio, is b, ■ 

. are a cl^ss of ^loroorsanief t^ contrast, yeasts 

«ll gro,- oa «i individaai «=U 
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-until It iiLatalLe& tlie sik#e of the DTlgln&l cell, and .tben 
separate,, leaving a bud scar. Piuigi grow by chain 
enlongation and brancbinR^ i.e.^ witU i^^uvitb proceeding 
from the tip or tbe nycelivaa through tbs foTOaition of 
5 septa between individual cells. Cell division lutty 

rjeqiiire aayvriiere Trom 1^ minutes to' sn hotar for bacterial 
Si-ovth, fxom 45 minutes to 2 hours for yeast growtli. and 
froTii one to ftlghl: hours for fungi, nrr mycpJial. growth. 

The specific path, of product synthesis, i»e«, the 

10 reaction patli for the formation of ttie iriRtaboli.-te 

product from *tho oubctrato or nutrient ic not clearly 
understood for every lennentation reaction. Hovxever, 
it io believed to depend upon microbe growth and 
boncencration, nutrient utillzarlon, and metabolic 

1$ eoxrtrols^ 

It has ziQVf been found that the reaction x^ate of 
fermentafeion reactions, that is, the yield per unit time^ 
unit voluiue, anit nutrient or substrate concentration, 
and unir microbe coneentratiMi la enhanced by the 

20 . application of an alternating or pulsed high frequency 
elftctrxc fiftlrt -bo -fcha react? on Tnedium of microbes, 
Gubstrate, and nutrient a. 

As used herein, the terms ''fermentation", 
«f ciicntation roaotione^*, and "reactions utilieing 

25 fermentation techniq.ues'* include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about 2n an organic or 
inorganic substrate, and asy process mediated by or 
involving microbes or mior^oorganisms ijti which a product 

30 accrues • 

As used herein, the terms "microbes", "microbe**, 
microorganisi'»s " , and "micro-organism" include prokaryorea 
and eukaxyoteSt "rrokaryotes", as used herein, means 
xinicellular microorganisms, including bacteria and 

35 unicellular blue^green algae • "Sukaryotes" | as used 
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J ^ X4iuuuuixxaea aicroljes as well as -1^1*^ 

a-h-fK^ "*«»ed va>on j?aw mateariAi avail 

Accoroihe to the invention deser-ix^^ v • 
OS all o*- J.. a-esei?it>ed herein, any 

• '«^«*^oa rat^, the innoculua build iTl^ 

eXXlcieacy or conversion m increased • ' 

stijimlation.- E5*,.4.^- ■. "^-I'eaeed by electrical 

ii>=r«s. tW productivity of aX« ™« « to 

• siKnal.^m^- s^-LT^eKoatiaiB High frequency electric 
of the ^ox-oblal reacts^ ^1 ? -^aa. tl» rate 
■ ..8.. rh« aui,^ra*.. th. jrodZa 

«-^e«\t si:ri~ ^ • 
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'liae elftctrioal stiniulatioii electrical current 
may. be on alternating otarrent or poxlsQcl direct current. 
It sliotilA have a rrenuent^ of tvam- Rbbut 1 ]ci.loh.ez^z 
tu al;out 1000 Iciluhux^txt altkua^ii Jrx*eq.iieixcies« below . 
3 about 10 megab^rts. xosiy be used* a.8 v^U as f roquencies 
above about 0.1 3ciilobert2 with .sojoe-. increasess xxx 7±eX6.M 
Howr.verj^ c«re should "be t'il^^-»' b^z* "by using a freq.uency 
, * above about 0#1 klloberts, to avoid large /amounts of 
electrolysis occijjrriTig vithjnn the T^eaction mftdiim at 

*10 low frequencies, . , ' ^ 

ThB metliod oX tbis .indention may advantageously be 
carried out at various ranges of th.0 electrolytic 
vexiables, i.»e.| electrode area, inter-electrode spacing, 
inter-eicctroijlo volume i cu»?ent, cua^sant density | 

15 current per unit inter-electTode volume, currexit .per 
unit brotb. volume, vpltage, voltage per unit inter- 
electrode spacing, power- pex: unit Xiitex^-electrdde volume » 
power per unit brotb v6luia/&^ soad. freguency-- 

Sor example, tbe metbod of tbis • invention has b^en 

20 ■ carried out utilizing Saccbaromyc^es cervisi.afl to ferment 
glucose .at currents per uni1? interelectrod©. vblume of 
f3?om about 1 3c 10"^ .milliamperes per cal>ic centlmBter 
to about ^0 X 10^^^ ninioTnpcres per cubic centimeter of 
inter-^electrode volume, at curreiits unit broth 

25 volume of from -about 1 x IC""* milliamperos per cubic- 
centimeter to. about 50 x lO^ millriaiQperes' per cubic 
centiiaeter of broth, current densities of about 2 x 10 
*. milllamperes per .»quax-e' centimeter to .5 3C 10 nd-lli— 
amperes per square ceastimeter of -eljectrode axea, voltage 

5P flxixes of 0.1 to 5 millivolts pex ccntimetcje of inljer-? 

electrode space, nnter electrode power dissipations of 0*2 

.X 10*"*^ watta per cubic centimeter, td 6 x 10*7 watte per 

cubic centimeter of inter electrode volume and broth- 

—ft 

power dissipatioxLS bf 0v2, x 1Q~^ watts per cubic ccnti- 

55. meter of broth volume to 5 x lO^*' watts. per cubic 

• • * ■ • 
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and quotients thereof + - , '^^^^I^^^'^nfl , and products 

about * to Sbout 7 oenti^tf , 'leotrodM «o ajacod 
or obout .0.1 to .bout o ? *««1*J- 
15 «ac*ion median, .t ' L!!^ i""** 

•• . about 1000 mo>.«^:;TtMT :jz T:f'T"'' 

POP ilttlt Of TObstrat. per uSf T^' V" " pa>duot 
-bout 15 to £0 pe".^ ""^ i-o«„oa *y 

.e..odr^^:.^,rr^^^-r""^*^'- 

■ isms.. -T-l n.l „7-^f^;BS3iZBd-£ Bacmu^ i..>.„. 

. i. tSr:"„^: ^x-i- ^^^^^^^^^^^^ 

■ . o ouixeut or 1 X 10-3 .rtuSl^^f^ »^f«i=«i Oo provide 

or lnter.x.ot™d, volurf^'Tl'tn 

liter of oolutioa ia <™„. j ^ "aJUlcapera per 

50 "-it^p.odu«,:::sr:f* 

• .bout 20 p=r=ent co,.u««d ^1^,. 

«leotncal «l.,„,uri„n. " 

35- b.otori.. ye^ta. oM act^X, "a ^L'Sr 
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einsle cell y.eaet of the Sa ccharotigrco5 djcgie croup , 
exettplif led by Sacctaarozgyces ■ cerevlaiaB . ' 

{Bke method of clcctrcetiimxlared fezmentatxon xs 
UBerul with various reedstbcks- Exen^lary o^e vari.ou© 
^ CATbohydrate Duhstrates,' Sy carbohydrates v^e mean for 
example polyhyitos^ .aUcehyaes, polyiiydro:xy kretones, aaad 
eubecancoe that yield polyhydroxy aldehydes or poly- 
hyxhruxs' keLoiies .upc/ii b^dx-olysia lor saccharification. 
Exemplary c^hohydrates. ar© sugarsj i.e. .cxioohcLridee. 

iO Th^ sacuUai*lCLt2d uaeXul la. Lhe method of this . invention 
may he aonoeaccharideSf .iie*^ oarhohydrateo iacapahle of 
Xux'thtfx' Uydx'ul^sis., ur-poly^sauoharideSs l^e,. carhohydrates . 
that yield monosaccharides upon hydrolysis or saooha^ 
if ioatioxx. Satux^aliy wocu'jtIuk :i^^^cclittzade» useful 33 

i$ sulsstrates in the methods- of thisr invention include 
heptoses, hexosea, pentoises, tetroses, trioae^ homo- 
poly^iacchaTjdp.5g therftof , artrt. hetsropolys^rccharides thereof^ 
Exemploocy hexost^s ' include glucose; fzuctosc^ mannoae^ 
galactose^ and the fructose-glucose, dissachaiide, siicrofle. 

20' Zbeomplaa?y p est ococ , include arahinosc^^ aqT-loBe,* rihoee^ and 
aplose* Exemplary polysaccharides .incliide sucrose « 
mentioned ahove, maltoe.ei -lactone, ."r^ffiuo&o, ctorch, 
glyc^oKi'en,' cellulob^i pecliiLs, chltin^ innliny agari 
hemicelluloses, plant gvxms and mucilagoB|.' and immuno— 

£5 polysacchearides* caxT:)uh;ydj.'a!/ttt> * wt?- alao meiin sugar 

alcoHols^ e.g. florMtol, Tn^nnitol, gl^ctitol, or the 
inositols • Industrial sources of carbohydrate include, 
hy vay of exemplification manure, cellulosic wastes, * 
molasseai whey, -sugar | grain etarohtpQ', josd hyproduct 

30. carbohydrates. .J5u4.tal)le grain $tar<^es 'include hy way 
of exemplification -comi com stover, \^cat) harlcy, 
straw,' and bagastse* 

Amino acide moy he utilised fes' subi^trates for 
f cx'iiitaLaLiuii L;yue rtsauLioiia^ They jiiky.,'be recovered as 
^55 products of f Braentation type reactions^ or they may he 
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iateiraediates. produced in one f9«,««t„4.- ^ 
xeaction as a substrate for /sIT 

-action. E.e.piary alpj!.:^::^'^"^!^^'^--**^ t^e 
alanine, valine, leuci^l • n ^'^^d^- include glycine.- • 

prolix. ti7ptoph«, i„i!r t^roslae, 

.•■ Intended te exoi»i.r^ 'T ^"»="tloa is 

-10 exampl,, hydiocartom, , e . «^ , ^^"^ '« 

IS ketone, aldd^e, «td ^ ' 

. degraded or aetaVull^.A" PoUntam; and t. ' 

»tm,.d Witt toOU Hr o^^'™^"*'* fenaentatton »^ 

hej^einabove, ojteae t>y.«^ ^ ™iqweB, aa described 



05/31/2601, 15:42 0QQ4215505 



RCCDrAX 



0041373 

0. 

gacea, e-g* carboa dioxide and hydrogenj bereragesj e#g» 
wines ^ 'he^-T'i^ aT)d liauors; roods » e.g. clieeses^ Jformented 
tiiil}ca« piokleiS) sauerkraut, soj saizoe^ yeast, vinei^ax^ and 
TtruflhroOTOs; flavoring agentra e.g. monosoddum glutaxaat©? 
5 organic aoids and bydxcxy acids e«g» lactic acid^ autslic 
acid, cj1:r5c acicj, glncpn5.c acid, tutyric acid, rumaric 
acid) and itaconic acid; glycerol; 'asdno acids, e»g» 
Ir-glutaiaic acid and L-lysine; steroids; organic trans- 

« 

formationa^ including steroid, alkaloid, and antibiotic 
10 trans! onaations ; yeasts, including rood yeasts and 

an-iTnftl feed yeasta, legume innoculantsj pesticides, e^g, 
microbial and bacterial pesticides; vitamins and growcii 
€tiiDu.lantS| e«g« vitamin S 12 vitamin A, riboflavin and 
glbberallcl nes ; en^s^Bes including ascrlases, proteolytic 
^5 enzymes I peetinases, inverzUi&es , . and oaUulaaes, inter 
alia; Tats; TaLt^ acld:^; alcoliul's; Tut^ls.; and li;yd^'U' 
carbons. 

She electrostimulatiun mt^iliud lit^x'ein cuutenrplated * 
may also be used for tbe control or destruction of 

20 • del&bt^x'iuus substances, e.g., pollutants, aaad aqaeuus 
. dispersions, ^Jw^ipensicnR anrt poliitions of hydrocarbons 
or balocsirbons , including polymers thereof. 

VOiile tlie electrcstimulate fermentation metliod 
described berein above is xiseful viitb. vorioue xaicrobec 

25 . iJi various fermentation reactions, tbe metliod of tbis 

iiivention may be exemplified by tbe Weizmann I*rocess for 
tlie bacterial fermentation of starch to. yield n-bnxtyl 
alcohol, ethy], alcohol, and acetone; thp. prodiiction of 
ethyl alcohol by the use of Hhizopua f oraoeaensi s, 

50 Baccliarnmycea cervisae , SaccharoTtiyces uvarium , nr 

Aspergillug footiduo i the production of acctio acid 
Utilizing ACctobactei alcoholophilus ^ Lactobacillus 
plant crom , or Polypcrue palustria ; the production of 
acetone utilizing Glostridiums : the production of butanol 

35 utilizing Cloatridiuae : the production of glycerol 
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the proojintioo or Mitibiotioo utiiTH 1 ^ i«iaadie.m -, 

^— the productiou oX butanediola n^^^T" 

^— — ^— th. production ot f orai« «,14 ^^.^ 
~^Z£^.:^lBSi£i^; the production or .rntotos. utin.- 
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10. . 

Aspergi.r.liifl cai^bonjariug ^ or Penioillum chrys o gezmm ; tlie. 
productioii of s^uoo&& ubiiizing: TrlchodBrma .loiip^ibyachF - 
iatiiB ; the prodnctian , of p-hydroxy beasaid^hyde using 
G accliaroniycefe^ i^citic; the production of sing^l^ cell 

Arthrobacter rub ellua , ArtliroT:;a'c l ^ . AspgrrdLlJnf^ l\3iiiig^ 
atu£, Oe L.1 Ti 1 njnoii^.s eartelyticuk , Coryne'baclreri'uin fun'i*- 
. • okcmse , Klixyuromy oes fr agills morehella eraseipe . i^tto^ 
'bac'beidiun ciirfiarirum' , ^S^coobactegl^^lIL 'petz*olcoph.iliaa. > oar 

10 ITocardia aeoopaca , and -the production of xaxitlian gum 
using, e.g. t XanthaTnonas? r-ampegtarfis ^ TJie metliod of 
clcotrostimulai/ed fermenta'tiou laacy be used 'In "tlie 
fennsntation of snbstratftR to obtain,. inLtaaaias, anti- 
biotics , ] and enzymes • ' . 

15 Electro stimulated f ermen-taliibn also finds ixtility 

in jndcrobial cellulose digcctionj e>E» , vitli Po lyauKi^™ 
cellulosum ; clewTrf.ng metallic surfaces,, e-.g-. ^- 
OTxiob^cillus f eggooxidang. qr {Phiobkoill xia tlii o oxidants ; 
degradation of oellulo&^e; degradation of oyanldes in 

20 v»ate vater^ i vith Baeiilug eubtiiig^ Ooxynebao'b e rinju ^ 

or Kocard ia rubrop exi;iiicta ; . degradation, pf 'etliyleiiB 
glyttol with vjiidenttfied bacterium, ATCO 270/1-25 degradation 

] of clilorinated pb-enol frmgicides; »degr<idatibn of systCTiic 
fungicides , e . g* , " -witli Shizoi^ug ja'pntiicws : degradation 

25 .of hydrooarbono, o^g.-^ witli- AaperKi llus Vez-'aicolor . 

Brettanomyoes petrouHiluiii c' Candida' pp.tygpTiil'am, Cand^^p; 
tropicalis , Olaclosporitba resinae , Cv»Ti'n ^ ^ g>i g'mella 
elegans, Eupfenicilliu'ci zonatromr , SacctiaroTaycapnTis lipnly- . 
•tica , or ToTTolopsie pg^rophilum ^ ' desrada-tibn of {jet fuel, 
• 30 e<g. , -witli Acre inonimi ,strleLum , Altemaria- alternata ^ 
Asuereillus juTni^jtag; ^ or Clados-porium resinae ^ ' 
degradation of metbanol, e.-g^, with Hanaenula- TJOlTmorDHa : 
degradation or ni.tr.iJes in' w?i.ste water, b^s.-i with. 
Aloaligenea vi a olac g ie , iTooardi a ra Wuglincta ,. or 

55 Bacillus suT>tllis t -dfigrad^rtion of petroleum^ e*S. 'with 
Agpergillue au3?eohaoid'irun ^ Candida p arapsiigsis ^ Ofeuidida 
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■ ^S2SE22l™L«i«^^!^ ! "i*"" 

Xexneatation « ,«ct.»». , ■ S^T f V *!» 

15 of WmctpoJysaceharM^;: SSaSa. *lw ppodaotton 

Glucose 

25 . . iraci • - ^° 

• 0.* grams 

aiTidBd iato two eaaal 



Q5/31/2Q01- 15:42 



0084215505 



RCCDTAX 



PACC 14/27 



.0041^373 



iO 



15 



20 



.25 



30 



12. 

portione of 100 millilitcro each and. pirb" into' Vvo 'I liter 
sterilized resin Icettles^ To each or the divided yoast- 
SlucooG elttzxiee vexe added- 2,1 ^aoa of coxii. irieal, ajid 
700 milliliters of tlie glucose solution. . 

!Dh.e outlets of Tjoth. reactors v/ere comiected. to 
wet test meters to measure tjie gas prodjicftti.' one reactor 
vra0 ru2s v/itliout eleotri'oal etiarulctloji, • 

The other reactor haud an electrode paij? oT tvo 
4 square inch 'staLinlesB steel elsotrodco, 4" ccjrbimeters 
apart'. A sIkuhI Rtnaerator ynis utilised to. generate a 
300 kilohertz, sine wave, voltage aiBoali • A 50 inilivolt 
ifij^uil caused a cuia'eut of 1.5 inilliaQpBr&s to flow* 

Eig^t sijeultrizLe cue,, side -bj-side ruziis '^oere made, 
■with one I'eactox' ha-viats tsleGUi'-lcal s(/i3aule,Llon tisd the 
other reactor "beine unstimulated. 

The results shoVni in Table I, helbv* were ott^dned; 

TABES I . 

OQHEaiaSOir as EliEXJIEO-STIMOIAarED PEEMEKCAlDIOilJ MITK 



Xeng^h 
of SaxL 

26.5 . 
IS 

47.5 

25-4 
27 

43.4 
25-5 




Moles of 

5t7amulatcd 
(.gel chro- . 
matogra-pM.c') 

. O..476 ■ 

0.506 

. :o.56i 

0,967 • 

0.420 . . • 
. 1.14 
0.715 ' ■ 



Holes of 
Ethsnol- 
Unst inulat ed 

aatota'^uELe') 
0.456 . 

6,475 • 
0-469 
0.950 
D.855 
• 0.590 

0.707 • 



35 



Hectrosfciaalated fermentation was carried out in 
a TsatcU reaoUoj? lo detexmine the effect of current and 
freQo.«ncy. 
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"-■'-in t^e roU„^„T^^t:. *° 
^ Suoraec 

jjaoi srams/iiter • 

2 4 5*1 grams/liter • 

1-2 srams/liter 
^^ro^ . 0.2 erems/li-ber 

Distilled water • 

1.2 liters cx tHe solution were placed izx a i ^ 
lesia kettle. e-^ea. a I.5 liter 

allowed to steu^ JTor 18 Ws, ' 

aaiereafter, at 2^ hour intervals th. 
removed from the reauLux- ""'^^^^^ sltrcry was 

20 recover ..e ye.,t\^.t ^ ^e Xt'cSo"' "'f ^^^'^ 

• liter of fresh reaction ^ ! ^^^"^ *° ^-O 

sulfuric acid at^ef f oxTJ:ute^'**^ ' 

o.rhSA^r^:;^^: -^/-^ ---^ tc^ 

. , ^ase evolution ^^^ L^lZlt^^^^^^ ^ 
sti^ation was commenced. W Z "1^ 
taken at half Luu.- xnter^als^f!! ^ readiaags were 

• electrical stimulatJ^r^^ l>eEiimiiig one ht«ir afte, 

50 evolution rate^l!! ^^^^^ * i^-t • 

stljoulation. hI V? the t«l ^^^^^^^^^io^^ ^^th electro- 

IS tue cas evolution rat© -Pn^ +.t, 

in the same w«- „ , =^ .ooaculated 

aours o^ electrical stimulation, 

» • « 
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tJie c-urrent was trxmed off f oa?. 19 lioure , and tlxen 
reaction aluxxy reanOved eta desox'xbed aliove. 

>Jaoh electrode was a nickel vfire, 0.63 millianeters 
diameter, spiraled twice ea^ound a. tcmx IncH (10 cm) lone, 
5 millimeter diameter glans rod. The el^ctrodee were 
opaocd 6.5 *o 7.0 centimeters apart. Voltage was 
provided by a uynascan 5010 function generator. 

The effect of applied electxiual field was as snovm 
in SaUe IT belnw: 

msnE n 

EFIEOT OP AEELISD CDEEEHT (AS? 100 KILOHEBTZ^ 
^ ON likS KVOLITl'IOIf • 



Curreub 
(milll- 
aunperoc) 

0.15 

0.15 

1.5 

1.5 



CwirhctLt 
curre nt J 

•1-05 

0,92 

• 1-01 

0.98* 



(wi€ii 
cur rent^ 

1.02 
1-13 
1-17 



(iW'Eo)witli 
current 

cx u r x -e^t 

1.10 

1.11 

l.HS? 

1.19 



!Gh.e ef foot of f rc9>xcs«2r wua as shown in Table III 



below: 



EFEEOr OP PEBQDiaiCT (AI 0.15 MTLLIAMEEEES) 
• PET GA.S ByoLDJIOK • 



■Kreguency 

10 
100 
100 



(^^i.thout 

0.83 
1.03 
0.92 



(with 

0.92 
1.15 
i.02 



ClU/Eo) wltH 
ourrcnt 
i^^Ua) withoTit 
current 
1,11 
1,10 • 
1.11 



EXAMPLK TTT 

Fermentation of glucose witli s.cervieiae was carried 
35 out with, and without electrical atiaiulation. 
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A broth was px-epared contaiam,, goo „ • 

_ 5 v^te. to ^y^e t^o l^tL Stilled 
^® T^rotli waa divided i-m-^ *. 

• cootinuouarly with a nusielril ^ettloa w«re stirred 

• intended for el«ctro«*f ? ! kettle.- 

oaon olsctrod. w« a 0 6=5 ' "lectroie pair, 

: »fcili«.d to generate a 3ro I^lS^ S«»mtor 

20 ■ • . ^ ; 

CWSsm . • ' 300 iillih^rtB 

25 imiAli mST (6HAJIB/ . . . ^'^ williamperes 

• " ■ IrHER) S5 /L ■ 

IITEH) .Oft 
50 INITIAL GLUUOBK (GR4JIS/ ' ' 

GLUCOSE. (GKAMS/ ' "^^^'^ 

• LITER) ' iL X y 

GLUOOSk^-UOlm 2 18 X ln-3 „ 



AO 
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CET.T, OOUIO? OP 200 BQiaJBES (thi-eo pipottc seucples per 

kettle) • . 

SAHFUE 1 6B0 ■ 865 

aAltPIE 2 739 89i> 

5 SAMPLE 5 632 . 804 

MELET . 677 8ii^ 

TtAlKrB 107 91 

BXAICDA.BD JJE7JkT10S 63 ^3 

PEHUiifJ'l' HTTCflTTVE 

10 3TA.imSLKD DBVIfi-TIOir 9.3 6.2 

DXKKEEENnE I'IE;iIirS 178 

or-,2 +• o-j T - -117 



^ ^ ^ 26 4 EELfi.a?IVE 

(at 1 gtaaadord deyiation 



i-5 (6^1 is tlie stranded level) 

• deviation and n^ ^.s the 

moabex^ of replications) • 
• • . * * t 

The student's "t" test was applied to tlie cell ' 

counts. A Qt or 5-79 with a proba-biixty of 0.02 was . j 

20 ol5taMie4. That io, the pro'bability' that ramdorn errora ^ 

vould result in Lhe 26?5 relative dixrerence oDserved 

was lees than 2 perocnt. 

A series of tests were condaotbd to oompore 
25 electrostimulaLed Xexmentatlon wltli conventional 

"I'eTmeTitation, For each test a sijnple nutrient eolution 
was prepared, A portion of the nutrient soluLion was 
.withdrawn to iT\a3re a yea.qt solution. The remainder of 
the nutrient solution was •divided into two equal 
50 portioixs and placed into two identical *1 ahor^itory 
fermenters. Both fermenters had cm olectxode pair* 
PleiechmaoLi'i: Baker's Teast, Saccharomydes cervisiae . wag 
slurried in the remainder of the oinglc nutrient 
solution. The nutrient solutiont oontaining the yeast , 
55 was divided ia half. Each half was placed into one of 

the two identical lahoratoiy fepmentera, A voltage i 
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signal was applied across one solut'o^ ^ 
Solution gflBDlea wei^ ni^o*. <»f tlie pair. 

ra-mentations of a ^ ^f^er^xces beWcon the two 

^erzaentationc were attril^ted Uo ™. °^ 
nutrient and inuooulua so^nt3ol ^ '''^ 
. tHe tests. P*=«-o* to coamexxcine. 

J?02: each lennentjation a resir, v.^-*., , 
-10 usP.d. ThB ^esin kettle fei».x,r ? fermenter was 

- Of 10 centimeters, a dapt^r!^^^^^ "^^^ 

probe, . pH ^...be, a nec^^ ' f"^"'"" ^ ^ 
1.5 electrodes vere a uLT^^^ ^iectrode pair. The 

(5 oa) apart. ^ ^Uctrodoo opaced two iuclies 

A slnccse aolirtion wag preoai^ad • 

GlMcose - 3,0 P^«P^»<1 by addoBs ia order: 

on ^ eraas. 

im^oi 

• . • 10 graas 

Ua2HE0.7^0 «^ 

. ^ 22 grajBS 

*• » 1 gpam 

- ■ CaClj, 

2= ^ • 0,04 sraan 

aine sluoooe aolution -k' ti ^ 
. adjusted 00 pE-5 Vith^lo^ ^ 

^niittri^'ri^Hiu::/^'^^^^ «it^a„i.^ 200 • 

^0 ^a^a o. .l.iacL-L^^~^^^^^^^^ 

cervisi^ into th« nutrient. fechar^S^ 

Kadi test* v/as conmeaoed b-?- d,'v,-^^ ' 4-^ 
aolution iitbo two 800 mlUiil.^ ^^dzng the nutrient 

ow miUixiter- portions and piaeias 
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OTift porftfon of thje iuitrieat salutipa into each xesixi 
keti;le fenaea-bej:. . Thex'^after tli'e sXTirry rcif yaast and 
mitrient was divided into tw 100* milliliter portione. 
One port'Xou or tlie yeast-iiTrtrieiLt sliacray vas added to 
each of the a?eain kettles. 

The xesiii XeLUlea wer.e maintained at 'a tfttnpftrature 
of 30 degreee CentigMido *by iamerciba in, et water T>ath, 
The pH was maiiitaintjd l)t?Dweeii pH 4.7 and pH 5-2 by 
Addition of aqueous NaOH. Ija each Tim a- 300' kiloherta, 
1^5 milliamperBi 50 jnllli^ylL sIrdhI was* applied across 
the electrode pa-J.r in one kerttle. 'ISo. signal was applied 
t-o the electrode pair in the other, kettle ^ ' * 

•i'he folMnwi.Tig .results were ohtaiiaed? 
S ot 1 ^ ' \, 

HO CURRSKX GUgREIjrj 



EIAPSED 
TUJB 



(hours ^ 

1-25 

5 



Pfchyl 
Alcohol 

liter) 
1,1? 
1.87 



Glucose 

CgniLs/ 

liter) 

98 • 
' 96 ' • 



Alcohol 

Cgms/ 

liter) 

.,72, 

" 1-95" ; 



Glucose 

Cgrms/ 

liter) 

100 

98. 





6 


5.28 


7a • 


5-72" 


79 










.40*4.. 


<:o.25 




Filial Ycast! 
Cgnns/liter) 


• 2.63 






3et 2 














uo 


CTJHEEHT 


-'CrDHHEEEP 






Etiyl 


• 

Glucose 
(grms/ 
.liter).' 


Alnnhnl 

(grms/ ■ 


CrLaeos« 

liter') 




1 


0,09 . 


96- • 


.0.09 • 


103 




2 


6:55 • 


■85 . 


0.71. 


9S 




4.5 . 


2-7 


78 


.2.2 " 


76 • 




6.5 


5-6 • 


72 


6.9 ■ 


64 




28 . 




CO.25 • 


• 57.0 


'<0.25 



40 



(gims/liter) 



0.466 



0,504 
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Ethyl 
A 7 cohol 

liter) 




Gliicose 
(STtns/ 

liter>__ 

87 

19 
<0.25 



0.0 



Set 6. 
TIME • 



1 • 

2 • • . 
3 

4 

G 

7 
8 

■ 3 
2/! 

|!ijial Teaat 
CecjBsAitex) 



Ethyl 
, Alcohol 
Cgnaa/ 
libera 

0.7 

2.9 
• 3.1 

5.2 
11.6 
IS. 7 
24,8 
31.9 
41-7 
^.O 

8.9 



Glucose 
K&cma/ 
liter] 




CURRETOP 



J?t>yl 
Alc:ohol 
(fipaas/ 
litar j ) 

3.5 
11.0 
26.0 
37-0 
46,7 



'CfJ.ncose 

(Knas/ 

liter ^ 

88 

70 

19 



9.8 



Ebhyl 
Alcohol 

literS 
0.6 



3^4 
5.4 
10,5 
19.9 

27.1 

32.0 
51.0 
^.0 



Sluoose 
litea?) 
HO 

• 95 

92 
•62 

62 
10.5 

.3 



<o.a5 



9.6 
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Set 5. 

ELAPSED MP CUBSBSIT CUHREHT 

TIK E . . • 



5 




Ethyl 
Alc-oliol 

literD 


Glucose 
liter) 


Bbhyl 
Alcohol 

f u"niiia/ 

liter) 


Glucose 
Titer) 




1 


1.0 


109 


. 1.1 


107 




2 


^ 2-0 


90 


2.8 


97 


io 


5 


' 4.9 


81 


5.1 


83 




4 


9.5 


00 


0.0 


80 






17.0 


70 


17.5 


69 




6 


19.1 


54 


17.7 






? 


21,7 


35 ■ 


V4.0 


39 




8 


32.4 


21 


57A 


27 . 






41.4 


• 4 


4e.9 


<0.25 



. Final reast . _ 

(gnns/liter^ 9.9 10.5 



Vhile -tlie lixvexitlojx'bas Iseen described vltli respect 
20 "to certain exemplifica.'ticns arid embodimants^ tnal; \^ 
wl'tlx respecb "bo certain silcrobes, l«e»f bacteria ^ 
actinoiaycet:eft, Tlmgi. » and yeasts^ certain siibs1:ral:es« 
i.e#i iydrocitrTDons , and carbohydrates, and certain 
products, it is not to "be so limited, except as in tne 
25 clcxiac appended hereto. 
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7 . A method of f ornentir^ a substret^ Kith a 
ia.cruur^,aua«m by rormlng a broth comprisi^ the suh^t. ^ 
«nd the. niicr(>oi'«an±Hin_ - . *^ t^^© substrate 

xeoxrxoal BXEanl.,:,^ imposed aorpss the brotH. 
in th!^ th according to ci;^m i nha^act^^i^a 

on that th« moroorsaniem ic ycaat, actinonvroete«, 
oacterla, or. UBlcellular blue^een. algae. 

A method acoo^ddns to claim 2 characterised 
the- yeaat is ^ Saec>.a..n.ny..H,., „^ ^ s«char- • 
eannsiag o ' 

• • ■■ 4, A aebhod according to claim 1, X or 3 ' 
:oharaeterlsed in that the B»hfi+v^+« • 



3. 

in that 
omvces eerTrieii»e . 



3t> 



tnaanose* 



3n - ^ "^^^"^ *:^c-c^rain« to claim 4 characterised 

20 an thp.t th« carbohydrate ia a polysaooharide. 

7. A methud according to any of claims 1 to 

6 charanterls«d i. that the electrical signal L 
- an alternations current ^ig^al or a pulled dli^ecrb 

cuixent signal. ' ^^^.6 

25 8- A method according to any of deiaa 1 to 7 

• . ^ecterlsed in that the electrical aifinal has a 
i^equenoy of 0,i kilchert^ to 10 megaherta 

7 «h«!li." according to any or clai.ma , to 
30 I w n . --^"^^^i^^ 3lsnal has a foeouency of 
•vO 1 hiioherfcar to lOOO kliohertz. ' 

• 10. A method accordia^ to any of olaimo 1 to 
. 9 Characterised 1^ that the current per unit or Ler 
lectrode volume is- feom 1 , in-3 "T:? 



^ , — wux-i-enT/ per unit or inrei 

Miperea per „ubio csatimeter. 

11.- A nrthod aocorates.to »ay.oir .1^ 1 to 10 
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from 1 X 10"* to 50 x ID"* milllamperes per cubic 
oantlciGtor. 

12« A aetliod accorQiiiK to any or claUns 1 1*o 11 

characteriBed in that tha current density ±b from 2 x 

•-2 ^2 

5 10 to50r10 nd-lliaiaperes per square centimetcra. 

I^ft A metJiod fmooTfJinr: to any of claitts 1. to 12 
chorabtcrioed in th&t the voltage flux is 0«1 to 3 
millivolta per neriti mQter • 

14o A cictliod according to any of claims 1 to 19 
10 'characterised In that the interelectrode jjower diesipat- 
ion io froD Oo2 z10'to6:ctO' -PTatts per oabic 
centimeter of interelectrode vninnif^* . 

• ISc^ A method according to any of f^lg<^trt.<g 1 to 14 
• characterised in that the hroth pother dissipation is 
15" from 0o2 X 10 to 8 z 10 watts per-cttbic centimeter 
of teotho 
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